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TI Nucleic acid sequences encoding type III tenebrio antifreeze proteins 

and method for assaying activity 

AB Thermal hysteresis proteins and their nucleotide sequences derived from 

the Tenebrionoidea Superfamily which lower the freezing point of a 
solution without effecting the melting point. Related methods for 
preparing said proteins and for providing antifreeze or 
recrystallization inhibition properties to a subject 
formulation. 



CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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INVENTOR (S) : 



2002 : 307900 USPATFULL 

Nucleic acid sequences encoding type III tenebrio 
antifreeze proteins and method for assaying activity 
Horwath, Kathleen L., Endwell, NY, UNITED STATES 
Easton, Christopher M. , Ithaca, NY, UNITED STATES 
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DOCUMENT TYPE: 
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DATE 
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Mark Levy, SALZMAN & LEVY, Ste. 902, 19 Chenango St. 
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Nucleic acid sequences encoding type III tenebrio antifreeze proteins 
and method for assaying activity 
A recrystallization inhibition method for 
determining the presence, relative concentration, and/or activity of 
thermal hysteresis proteins comprising: providing a proteinaceous 
composition in a solvent to form a test solution; flash freezing said 
solution; raising the temperature of the frozen solution to an 
appropriate annealing temperature that allows for a partial melt, while 
limiting heterogeneity in ice grain sizes within said solution; 
maintaining said frozen solution at the annealing temperature for a 
length of time sufficient to allow for recrystallization; 

monitoring the ice crystal grain size changes over time; and determining 
the presence of functional thermal hysteresis proteins in said solution 
given the retention of significantly smaller ice crystal grain sizes 
relative to at least one control solution. h 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. JL-^\ 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L4 ANSWER 3 OF 9 USPATFULL on STN 
TI Tenebrio antifreeze proteins 

AB A novel class of thermal hysteresis (antifreeze) proteins (THP) that 

have up to 100 times the specific activity of fish antifreeze proteins 
has been isolated and purified from the mealworm beetle, Tenebrio 
molitor. Internal sequencing of the proteins, leading to cDNA cloning 
and production of the protein in bacteria has confirmed the identity and 
activity of the 8.4 to 10.7 kDa THP. They are novel Thr- and Cys-rich 
proteins composed largely of 12 -amino-acid repeats of 

cys-thr-xaa-ser-xaa-xaa-cys-xaa-xaa-ala-xaa-thr . At a concentration of 
55 .mu.g/mL, the THP depressed the freezing point 1.6. degree. C. below 
the melting point, and at a concentration of .about. 1 mg/mL the THP or 
its variants can account for the 5. 5. degree. C. of thermal hysteresis 
found in Tenebrio larvae. The THP function by an adsorption- 
inhibition mechanism and produce oval -shaped ice crystals with 
curved prism faces. 
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TI Tenebrio antifreeze proteins 

AB A novel class of thermal hysteresis (antifreeze) proteins (THP) that 

have up to 100 times the specific activity of fish antifreeze proteins 
has been isolated and purified from the mealworm beetle, Tenebrio 
molitor. Internal sequencing of the proteins, leading to cDNA cloning 
and production of the protein in bacteria has confirmed the identity and 
activity of the 8.4 to 10.7 kDa THP. They are novel Thr- and Cys-rich 
proteins composed largely of 12 -amino-acid repeats of 



cys-thr-xaa-ser-xaa-xaa-cys-xaa-xaa-ala-xaa-thr . At a concentration of 
55 .mu.g/mL, the THP depressed the freezing point 1 . 6 . degree . C. below 
the melting point, and at a concentration of . about . 1 mg/mL the THP or 
its variants can account for the 5. 5. degree. C. of thermal hysteresis 
found in Tenebrio larvae. The THP function by an adsorption- 
inhibition mechanism and produce oval -shaped ice crystals with 
curved prism faces. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
L4 ANSWER 6 OF 9 USPATFULL on STN 

TI Spruce budworm antifreeze proteins, genes and methods of using same 

AB A novel class of thermal hysteresis, antifreeze proteins (THPs) has been 

isolated and purified from Choristoneura sp., including the eastern 
spruce budworm C, furaiferana. The invention provides for nucleic acids 
which encode these antifreeze proteins. The invention also provides for 
antibodies reactive to these novel antifreeze proteins. The invention 
also includes a method for decreasing the freezing point of an aqueous 
solution by adding these novel antifreeze proteins to the solution. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT, 
ACCESSION NUMBER: 1999:170409 USPATFULL 

TITLE: Spruce budworm antifreeze proteins, genes and methods 

of using same 
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TI Transgenic plants having a nucleic acid sequence encoding a dendroides 

antifreeze protein 

AB The present invention is directed to transgenic plants having nucleic 

acid sequences encoding Dendroides canadensis thermal hysteresis 
proteins. The THPs of Dendroides have significantly greater thermal 
hysteresis activity than any other known anti- freeze protein. The 
thermal hysteresis activity of the purified THPs can be further enhanced 
by combining the THPs with various "activating" compounds. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
ACCESSION NUMBER: 97:45207 USPATFULL 

TITLE: Transgenic plants having a nucleic acid sequence 

encoding a dendroides antifreeze protein 
INVENTOR (S) : Duman, John G., South Bend, IN, United States 

PATENT ASSIGNEE (S) : University of Notre Dame du Lac, Notre Dame, IN, United 

States (U.S. corporation) 
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TI Nucleic acid sequences encoding dendroides antifreeze proteins 

AB The present invention is directed to nucleic acid sequences encoding 

Dendroides canadensis thermal hysteresis proteins. The THPs of 
Dendroides have significantly greater thermal hysteresis activity than 
any other known anti- freeze protein. The thermal hysteresis activity of 
the purified THPs can be further enhanced by combining the THPs with 
various "activating" compounds. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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ANSWER 9 OF 9 WPIDS COPYRIGHT 2003 THOMSON DERWENT on STN 

New cDNA polynucleotide encoding a thermal hysteresis 

protein which is a Type III anti -freeze protein derived from the 

Tenebrionoidea Superfamily, useful for providing antifreeze protection to 

improve the quality of food. 

2002-090137 [12] WPIDS 

WO 200194378 A UPAB : 20020221 

NOVELTY - A cDNA polynucleotide (I) comprising a nucleotide sequence for 
encoding a therraal hysteresis protein which 

is a Type III anti -freeze protein derived from the Tenebrionoidea 
Superfamily, is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for the 
following : 

(1) a mRNA polynucleotide (II) comprising a nucleotide sequence for 
encoding thermal hysteresis proteins derived from the Tenebrionoidea 
Superfamily transcribed from (I) / 



(2) a DNA or RNA probe having a sequence complementary or identical 
to a sequence of contiguous nucleotides for at least a portion of (i) ; 

(3) a recombinant vector containing (I) / 

(4) a thermal hysteresis protein, 

preferably an endogenous Type III anti -freeze proteins, derived from the 
Tenebrionoidea Superfamily which lowers the freezing point of a solution 
without effecting the melting point of the solution; 

(5) a consensus sequence with a nucleotide sequence selected from one 
of the four 481 nucleotide sequences (S1-S4) defined in the specification; 

(6) a consensus sequence with an amino acid sequence selected from 
the 133 (S5) , 134 iSS) , another 134 (S7) , another 134 (S8) amino acid 
sequence defined in the specification; 

(7) a consensus sequence with the 133 amino acid sequence (S9) 
defined in the specification; 

(8) a primer having a nucleotide sequence selected from P1-P3; 

(9) a method (Ml) for producing a polypeptide having antifreeze 
properties comprising forming a cloning vector with a Tm 12.86 family 
member gene encoding an antifreeze polypeptide, transferring genes of the 
cloning vector into DNA of host cell to create a transformed cell, 
expressing a mRNA sequence and a translated amino acid sequence from the 
recombinant expression vector, the sequence being isoforms of the Tm 12.86 
T. molitor antifreeze polypeptide; 

(10) a method (M2) for providing antifreeze or 
recrystallization inhibition properties to a subject 

formulation comprising incorporating at least 0.1 micrograms to 1 mg of an 
activated polypeptide into 1 ml of a subject formulation to obtain 
recrystallization inhibition or 1 mg to 25 mg of the 
activated polypeptide into 1 ml of a subject formulation to thermal 
hysteresis ; 

(11) a Tm 12.86 antibody/antiserum; 

(12) a recrystallization inhibition method (M3) 

for determining the presence, relative concentration, and/or activity of 
thermal hysteresis proteins comprising providing a proteinaceous 
composition in a solvent to form a test solution, flash freezing the 
solution, raising the temperature of the frozen solution to an appropriate 
annealing temperature that allows for a partial melt, while limiting 
heterogeneity in ice grain sizes within the solution, maintaining the 
frozen solution at the annealing temperature for a length of time 
sufficient to allow for recrystallization, monitoring the ice 
crystal grain size changes over time, and determining the presence of 
functional thermal hysteresis proteins in the solution given the retention 
of significantly smaller ice crystal grain sizes relative to at least one 
control solution; 

(13) a method for quantitatively assessing the extent of 
recrystallization occurring in frozen foods, and the impact of 
solution additives to inhibit or limit recrystallization 
according to the process defined in M3 ; and 

(14) a method for quantitatively assessing and comparing the 
effectiveness of cryoprotective solutions on the extent of 
recrystallization occurring in cryopreserved cells, tissues, 
solutions and the like, according to the process defined in M3 . 

CGCGGATCCCTCACCGACGAACAG (PI) ; 
GAGAGGATAACTAATTGAGCTCGCC (P2); and 
CGCGGATCCCTGACCGAGGCACAA (P3). 

USE - The activated anti-freeze protein is incorporated into: 

(a) plant, produce or fish in an amount sufficient to provide 
antifreeze protection; 

(b) a region of a target tissue in an amount sufficient to provide 
antifreeze protein controlled limited tumor cell or target tissue 
cryoinjury during cryosurgery; 

(c) hypothermic solutions or bathing media to reduce cold damage in 
order to provide cryogenic or hypothermic preservation of cells and 
tissues by incorporating the protein into the cells, tissue, or cell 
membranes in a controlled amount sufficient to provide antifreeze 



protection; 

(d) de-icing formulations or used on surfaces to reduce existing ice 
buildup or abate the formation of ice buildup on surfaces such as a road, 
aircraft, household products, cosmetic products, machinery and plant 
surfaces; or 

(e) a food product in an amount sufficient to provide antifreeze 
protection to improve the quality of food by abating freezing of 
solutions, freezer burn, or degradation due to cold storage. 

The polynucleotides for the activated protein are used to create 
transgenic or gene-modified plants, crops, fish, or animals having greater 
tolerance to cold climatization . The Tm 12.86 antibody/ antiserum is used 
as a screening device to identify positive recombinant plaques containing 
cloned inserts capable in an expression vector system to produce 
recombinant products recognized by the antibody/ antiserum. The Tm 12.86 
antibody/ antiserum which. is also used as a screening device to screen cDNA 
libraries in an expression system, including cross-species cDNA libraries 
to identify homologous sequences in other species. 

M3 is used for concurrent multiple sample testing of solutions which 
includes the 'sandwich' method; and application via a 96 well plate device 
(all claimed) . 
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TI Human genes and gene expression products 

AB This invention relates to novel human polynucleotides and variants 

thereof, their encoded polypeptides and variants thereof, to genes 
corresponding to these polynucleotides and to proteins expressed by the 
genes. The invention also relates to diagnostic and therapeutic agents 
employing such novel human polynucleotides, their corresponding genes or 
gene products, e.g., these genes and proteins, including probes, 
antisense constructs, and antibodies. 
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L5 ANSWER 2 OF 9 USPATFULL on STN 

TI Nucleic acid sequences encoding type III tenebrio antifreeze proteins 

and method for assaying activity 

AB Thermal hysteresis proteins and their nucleotide sequences derived from 

the Tenebrionoidea Superfamily which lower the freezing point of a 
solution without effecting the melting point. Related methods for 
preparing said proteins and for providing antifreeze or 
recrystallization inhibition properties to a subject formulation. 
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L5 ANSWER 3 OF 9 USPATFULL on STN 

TI Nucleic acid sequences encoding type III tenebrio antifreeze proteins 

and method for assaying activity 

AB A recrystallization inhibition method for determining the presence, 

relative concentration, and/or activity of thermal hysteresis proteins 
comprising: providing a proteinaceous composition in a solvent to form a 
test solution; flash freezing said solution; raising the temperature of 
the frozen solution to an appropriate annealing temperature that allows 
for a partial melt, while limiting heterogeneity in ice grain sizes 
within said solution; maintaining said frozen solution at the annealing 
temperature for a length of time sufficient to allow for 
recrystallization; monitoring the ice crystal grain size changes over 
time; and determining the presence of functional thermal hysteresis 
proteins in said solution given the retention of significantly smaller 
ice crystal grain sizes relative to at least one control solution. 
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L5 ANSWER 4 OF 9 USPATFULL on STN 
Tl Tenebrio antifreeze proteins 

AB A novel class of thermal hysteresis (antifreeze) proteins (THP) that 

have up to 100 times the specific activity of fish antifreeze proteins 
has been isolated and purified from the mealworm beetle, Tenebrio' 
molitor. Internal sequencing of the proteins, leading to cDNA cloning 
and production of the protein in bacteria has confirmed the identity and 
activity of the 8 . 4 to 10.7 kDa THP. They are novel Thr- and Cys-rich 
proteins composed largely of 12 -amino-acid repeats of 

cys-thr-xaa-ser-xaa-xaa-cys -xaa-xaa-ala-xaa-thr . At a concentration of 
55 .mu.g/mL, the THP depressed the freezing point 1.6. degree. C. below 
the melting point, and at a concentration of . about . 1 mg/mL the THP or 
its variants can account for the 5. 5. degree. C. of thermal hysteresis 
found in Tenebrio larvae. The THP function by an adsorption-inhibition 
mechanism and produce oval-shaped ice crystals with curved prism faces. 
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TI Tenebrio antifreeze proteins 



AB A novel class of thermal hysteresis (antifreeze) proteins (THP) that 

have up to 100 times the specific activity of fish antifreeze proteins 
has been isolated and purified from the mealworm beetle, Tenebrio 
molitor. Internal sequencing of the proteins, leading to cDNA cloning 
and production of the protein in bacteria has confirmed the identity and 
activity of the 8.4 to 10.7 kDa THP. They are novel Thr- and Cys-rich 
proteins composed largely of 12 -amino-acid repeats of 

cys-thr-xaa-ser-xaa-xaa-cys-xaa-xaa-ala-xaa-thr . At a concentration of 
55 .mu.g/mL, the THP depressed the freezing point 1.6. degree. C. below 
the melting point, and at a concentration of . about . 1 mg/mL the THP or 
its variants can account for the 5. 5. degree. C. of thermal hysteresis 
found in Tenebrio larvae. The THP function by an adsorption-inhibition 
mechanism and produce oval-shaped ice crystals with curved prism faces. 
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TI Spruce budworm antifreeze proteins, genes and method of using same 

AB A novel class of thermal hysteresis , antifreeze proteins (THPs) has been 

isolated and purified from Choristoneura sp., including the eastern 
spruce budworm C. fumiferana. The invention provides for nucleic acids 
which encode these antifreeze proteins . The invention also provides for 
antibodies reactive to these novel antifreeze proteins. The invention 
also includes a method for decreasing the freezing point of an aqueous 
solution by adding these novel antifreeze proteins to the solution. 
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L5 ANSWER 8 OF 9 USPATFULL on STN 

TI Transgenic plants having a nucleic acid sequence encoding a dendroides 

antifreeze protein 

AB The present invention is directed to transgenic plants having nucleic 

acid sequences encoding Dendroides canadensis thermal hysteresis 
proteins. The THPs of Dendroides have significantly greater thermal 
hysteresis activity than any other known anti -freeze protein. The 
thermal hysteresis activity of the purified THPs can be further enhanced 
by combining the THPs with various "activating" compounds. 
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TI Nucleic acid sequences encoding dendroides antifreeze proteins 

AB The present invention is directed to nucleic acid sequences encoding 

Dendroides canadensis thermal hysteresis proteins. The THPs of 
Dendroides have significantly greater thermal hysteresis activity than 
any other known anti- freeze protein. The thermal hysteresis activity of 
the purified THPs can be further enhanced by combining the THPs with 
various "activating" compounds. 
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L7 ANSWER 1 OF 4 6 MEDLINE on STN 

TI A serendipitous discovery of antifreeze protein-specific activity in 
C-linked antifreeze glycoprotein analogs. 

AB Structurally diverse carbon- linked (C-linked) analogs of antifreeze 

glycoprotein (AFGP) have been prepared via linear or convergent solid 
phase synthesis. These analogs range in molecular weight from approx 
1.5-4.1 KDa and do not possess the beta-D-galactose- 1 , 3 -alpha-D-N- 
acetylgalactosamine carbohydrate moiety or the L-threonine-L-alanine-L- 
alanine polypeptide backbone native to the AFGP wild-type. Despite these 
dramatic structural modifications, the 2.7-KDa and 4.1-KDa analogs possess 
antifreeze protein-specific activity as determined by 
recrystailizat ion- inhibition (RI) and thermal hysteresis 
(THr^a-ssHys . These analogs are weaker than the wild -type in their 
activity, but nanoliter osmometry indicates that these compounds are 
binding to ice and affecting a localized freezing point depression. This 
is the first example of a C-linked AFGP analog that possesses TH and RI 
activity and suggests that the rational design and synthesis of chemically 
and biologically stable AFGP analogs is a feasible and worthwhile 
endeavor. Given the low degree of TH activity, these compounds may prove 
useful for the protection of cells during freezing and thawing cycles . 
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L7 ANSWER 2 OF 4 6 MEDLINE on STN 

TI Ice binding, recrystallization inhibition, and 

cryoprotective properties of ice-active substances associated with 
Antarctic sea ice diatoms . 
AB Extracellular macromolecules associated with Antarctic sea ice diatoms 
were previously shown to have ice-binding activities. The function of 
these ice-active substances (lASs) has not been identified. Here we show 
that two of the lASs have a strong ability to inhibit the 

recrystallization of ice, possibly signifying a cryoprotectant function. 
To test this possibility, two species of marine diatom (one Antarctic and 
one temperate) were subjected to a single freeze- thaw cycle (approximately 
20h at -4 or -5 degrees C) in the presence or absence of IAS. Viability, 
based on a double staining technique, was 15-2 9% higher in the presence of 
IAS. Etching of single crystal ice hemispheres grown from dilute IAS 
solutions indicated that the lASs bind to specific faces of ice and are 
incorporated into the ice lattice. Together, these results suggest that 
the lASs acts as a cryoprotectant, probably through some ice -binding 
mechanism. 
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TI The physico-chemical characterization of a boiling stable antifreeze 

protein from a perennial grass (Lolium perenne) . 
AB We have characterized a cold-induced, boiling stable antifreeze protein. 

This highly active ice recrystallization inhibition 

protein shows a much lower thermal hysteresis effect and displays binding 
behavior that is uncharacteristic of any AFP from fish or insects. 
Ice-binding studies show it binds to the (1 0 1 0) plane of ice and FTIR 
studies reveal that it has an unusual type of highly beta- sheeted 
secondary structure. Ice-binding studies of both glycosylated and 
nonglycosylated expressed forms indicate that it adsorbs to ice through 
the protein backbone. These results are discussed in light of the 
currently proposed mechanisms of AFP action. 
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TI The response of Anisakls larvae to freezing. 

AB Anisakis third stage larvae utilize a variety of fish as intermediate 

hosts. Uncooked fish are rendered safe for human consumption by freezing. 
Larvae freeze by inoculative freezing from the surrounding medium but can 
survive freezing at temperatures down to -10 degrees C. This ability may 
be aided by the production of trehalose, which can act as a 
cryoprotectant , but does not involve recrystallization 
inhibition. Monitoring of fish freezing in commercial blast 
freezers and under conditions which simulate those of a domestic freezer, 
indicate that it can take a long time for all parts of the fish to reach a 
temperature that will kill the larvae. This, and the moderate freezing 
tolerance of larvae, emphasizes the need for fish to be frozen at a low 



enough temperature and for a 
for consumption. 



sufficient time to ensure that fish are safe 
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Semipurif ication and ice recrystallization inhibition 

activity of ice-active substances associated with Antarctic photosynthetic 
organisms . 

Ice-active substances (lASs) , i.e., macromolecular substances that modify 
the shape of growing ice crystals, were previously found to be associated 
with various terrestrial and aquatic photosynthetic organisms from 
Antarctica, but their chemical nature and function are unknown. In this 
study, we used the ice-binding properties of the lASs to semipurify lASs 
from a cyanobacterial mat, a eukaryotic green alga (Prasiola sp . ) , and a 
moss (Bryum sp . ) and examined the ice recrystallization 
inhibition (RI) activities of the semipure materials. The 
semipure materials contain both protein and carbohydrate in which the 
carbohydrate accounted for 73, 52, and 3 7%, respectively, of the total 
carbohydrate + protein. The lASs had RI activity at concentrations of 
1.4, 0.05, and 0.01 microg ml-1, respectively. RI activity was greatly 
reduced by heat treatment, suggesting that the lASs inhibit 
recrystallization through a specific interaction with ice. These results 
raise the possibility that the lASs increase freezing tolerance of their 
respective organisms by preventing the recrystallization of ice. 
Copyright 2001 Elsevier Science. 
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TI A theoretical model of a plant antifreeze protein from Lolium perenne . 
AB Antifreeze proteins (AFPs) , found in certain organisms enduring freezing 

environments, have the ability to inhibit damaging ice crystal growth. 

Recently, the repetitive primary sequence of the AFP of perennial 



ryegrass, Lolium perenne, was reported. This macromolecular antifreeze 
has high ice recrystallization inhibition activity but 

relatively low thermal hysteresis activity. We present here a theoretical 
three-dimensional model of this 118 -residue plant protein based on a 
beta-roll domain with eight loops of 14-15 amino acids. The fold is 
supported by a conserved valine hydrophobic core and internal asparagine 
ladders at either end of the roll. Our model, which is the first proposed 
for a plant AFP, displays two putative, opposite-facing, ice-binding sites 
with surface complementarity to the prism face of ice. The juxtaposition 
of the two imperfect ice -binding surfaces suggests an explanation for the 
protein's inferior thermal hysteresis but superior ice 
recrystallization inhibition activity and activity when 
compared with fish and insect AFPs . 
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TI Antifreeze and ice nucleator proteins in terrestrial arthropods. 

AB Terrestrial arthropods survive subzero temperatures by becoming either 

freeze tolerant (survive body fluid freezing) or freeze avoiding (prevent 
body fluid freezing) . Protein ice nucleators (PINs) , which limit 
supercooling and induce freezing, and antifreeze proteins (AFPs) , which 
function to prevent freezing, can have roles in both freeze tolerance and 
avoidance. Many f reeze-tolerant insects produce hemolymph PINs, which 
induce freezing at high subzero temperatures thereby inhibiting lethal 
intracellular freezing. Some freeze- tolerant species have AFPs that 
function as cryoprotectants to prevent freeze damage. Although the 
mechanism of this cryoprotection is not known, it may involve 
recrystallization inhibition and perhaps stabilization 

of the cell membrane. Freeze -avoiding species must prevent inoculative 
freezing initiated by external ice across the cuticle and extend 
supercooling abilities . Some insects remove PINs in the winter to promote 
supercooling, whereas others have selected against surfaces with 
ice-nucleating abilities on an evolutionary time scale. However, many 
f reeze-avoiding species do have proteins with ice-nucleating activity, and 
these proteins must be masked in winter. In the beetle Dendroides 
canadensis, AFPs in the hemolymph and gut inhibit ice nucleators. Also, 
hemolymph AFPs and those associated with the layer of epidermal cells 
under the cuticle inhibit inoculative freezing. Two different insect AFPs 
have been characterized. One type from the beetles D. canadensis and 
Tenebrio molitor consists of 12- and 13-mer repeating units with disulfide 
bridges occurring at least every six residues . The spruce budworm AFP 
lacks regular repeat units. Both have much higher activities than any 
known AFPs . 
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TI Stable, high-level expression of a type I antifreeze protein in 
Escherichia coli. 

AB The type I antifreeze proteins are simple amphipathic helical proteins 
found in abundance in polar fish species, where they act to prevent 
freezing of internal fluids by a mechanism of noncolligative freezing 
point depression. Large-scale production of these proteins for research 
and biotechnological purposes has been hampered by their apparent 
instability when expressed in heterologous host systems. This has 
necessitated their production as fusion proteins, in polymeric form, or as 
proproteins for secretion, with the concomitant necessity for 
postpurif ication processing to generate the mature form of the protein. 
We have successfully expressed a recombinant variant of type I antifreeze 
protein (rAFP) in Escherichia coli using the inducible T7 polymerase 
transcription expression system. The rAFP contains five copies of the 11 
amino acid ice-binding repeat motif found in all type I antifreeze 
proteins. The protein accumulates to high levels intracellularly in the 
form of inclusion bodies, with no apparent degradation by the cellular 
proteolytic machinery. We have devised a simple and rapid purification 
protocol for this recombinant type I antifreeze protein which does not 
require cellular fractionation, purification of the inclusion bodies, or 
chromatographic steps. This protocol may be of general use for this class 
of protein. The protein displays all three activities common to these 
proteins: recrystallization inhibition, noncolligative 

freezing point depression, and modification of the morphology of single 

ice crystals in solution. 
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TI Recrystallization in a freezing tolerant Antarctic nematode, Panagrolaimus 
davidi, and an alpine weta, Hemideina maori (Orthoptera; Stenopelmatidae) . 
AB The ability of haemolymph from the freezing tolerant weta, Hemideina 



maori, and supernatant from homogenates of the freezing tolerant nematode 
Panagrolaimus davidi to inhibit the recrystallization of ice was examined 
using the "splat freezing" technique and annealing on a cryomicroscope 
stage. There was no recrystallization inhibition in 
weta haemolymph or in insect ringer controls . Recrystallization 
inhibition was present in the nematode supernatant but this was 
destroyed by heating and was absent in controls. P. davidi survives 
intracellular freezing and recrystallization inhibition 
may be important for the survival of this stress. 
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TI Nonequilibrium antifreeze peptides and the recrystallization of ice. 

AB Evidence is presented that the nonequilibrium antifreeze peptide (AFP) 

from winter flounder has a special ability to inhibit recrystallization in 
ice only when an appreciable amount of liquid is present, as is the case 
when the system contains salts and the temperature is not too low. In 
this circumstance the AFP binds to the ice surface at the ice~solution 
interfaces in grain boundaries, preventing migration of the solution and 
effectively immobilizing the boundaries. In the absence of liquid, 
recrystallization inhibition appears to be a common 

property of many peptides. This is consistent with the view that the 
special effects of AFPs require a structural fit onto ice, and therefore 
require the AFP molecules to have the mobility to achieve that fit. Since 
the concentration of salt required to induce the special 
recrystallization inhibition effects of AFPs is lower (< 

10 mM) than that found normally in physiological fluids, AFPs could play a 
role in the survival of organisms by preventing damage due to 
recrystallization. The proposition that mobility is needed for AFP 
molecules to produce their special influence upon ice growth argues 
against any special effects of AFPs in devitrification. 
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TI Plant thermal hysteresis proteins. 

AB Proteins which produce a thermal hysteresis (i.e. lower the freezing point 
of water below the melting point) are common antifreezes in cold adapted 
poikilothermic animals, especially fishes from ice-laden seas and 
terrestrial arthropods. However, these proteins have not been previously 
identified in plants. 16 species of plants collected from northern Indiana 
in autumn and winter had low levels of thermal hysteresis activity, but 
activity was absent in summer. This suggests that thermal hysteresis 
proteins may be a fairly common winter adaptation in angiosperms . Winter 
stem fluid from the bittersweet nightshade, Solanum dulcamara L., also 
showed the recrystallization inhibition activity 

characteristic of the animal thermal hysteresis proteins (THPs) , 
suggesting a possible function for the THPs in this freeze tolerant 
species. Other potential functions are discussed. Antibodies to an 
insect THP cross reacted on immunoelectroblots with proteins in S . 
dulcamara stem fluid, indicating common epitopes in the insect and plant 
THPs . 
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TI Expression of antifreeze proteins in transgenic plants. 

AB The quality of frozen fruits and vegetables can be compromised by the 
damaging effects of ice crystal growth within the frozen tissue. 
Antifreeze proteins in the blood of some polar fishes have been shown to 
inhibit ice recrystallization at low concentrations. In order to 
determine whether expression of genes of this type confers improved 
freezing properties to plant tissue, we have produced transgenic tobacco 
and tomato plants which express genes encoding antifreeze proteins. The 
afa3 antifreeze gene was expressed at high steady- state mRNA levels in 
leaves from transformed plants, but we did not detect inhibition of ice 
recrystallization in tissue extracts. However, both mRNA and fusion 
proteins were detectable in transgenic tomato tissue containing a chimeric 
gene encoding a fusion protein truncated staphylococcal protein A and 
antifreeze protein. Furthermore, ice recrystallization 
inhibition was detected in this transgenic tissue. 
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TI Solute effects on ice recrystallization : an assessment technique. 

AB Reliable assessment of the effect of a solute upon ice recrystallization 
is accomplished with "splat cooling, " the impaction of a small solution 
droplet onto a very cold metal plate. The ice disc has extremely small 
crystals/ and recrystallization can be followed without confusing effects 
caused by grain nucleation. This method confirms the exceptionally strong 
recrystallization inhibition effect of antifreeze 

protein from Antarctic fish and shows that grain growth rate is a 
sensitive function of both grain size and solute concentration. 
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TI Aluminum alloy excellent in cutting ability, aluminum alloy materials 

and manufacturing method thereof 

AB A first aluminum alloy of the present invention comprises Mg: 0.3-6 mass 

%, Si: 0.3-10 mass %, Zn: 0.05-1 mass %, Sr: 0.001-0.3 mass % and the 
balance being Al and impurities. A second aluminum alloy further 
contains one or more selective additional elements selected from the 
group consisting of Cu, Fe, Mn, Cr, Zr, Ti, Na and Ca. Furthermore, a 
third aluminum alloy comprises Mg: 0.1-6 mass %, Si: 0.3-12.5 mass %, 
Cu: 0.01 mass % or more but less than 1 mass %, Zn: 0.01-3 mass %, Sr : 
0.001-0.5 mass % and the balance being Al and impurities. Furthermore, a 
fourth aluminum alloy further includes one or more optional additional 
elements selected from the group consisting of Ti, B, C, Fe, Cr, Mn, 2r, 
V, Sc, Ni, Na, Sb, Ca, Sn, Bi and In. 
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TI COLD TOLERANCES IN PLANTS 

AB A plurality of polypeptides derived from intercellular spaces of plant 

cells having frost tolerance. Some of the polypeptides are ice 
nucleators for developing ice crystals in extracellular spaces of plant 
tissue, some of the polypeptides are antifreeze components which control 
ice crystal growth in extracellular spaces and some of the polypeptides 
are enzymes which adapt plant cell walls to function differently during 
formation of ice crystals in plant intercellular spaces. 
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TI Nucleic acid sequences encoding type III tenebrio antifreeze proteins 

and method for assaying activity 

AB Thermal hysteresis proteins and their nucleotide sequences derived from 

the Tenebrionoidea Superfamily which lower the freezing point of a 
solution without effecting the melting point. Related methods for 
preparing said proteins and for providing antifreeze or 
recrystallization inhibition properties to a subject 



formulation. 
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TI Nucleic acid sequences encoding type III tenebrio 

and method for assaying activity 

AB A recrystallization inhibition method for 

determining the presence, relative concentration, 
thermal hysteresis proteins comprising: providing 
composition in a solvent to form a test solution; 
solution; raising the temperature of the frozen so 
appropriate annealing temperature that allows for 
limiting heterogeneity in ice grain sizes within s 
maintaining said frozen solution at the annealing 
length of time suf f icient . to allow for recrystalli 
ice crystal grain size changes over time; and dete 
of functional thermal hysteresis proteins in said 
retention of significantly smaller ice crystal gra 
at least one control solution. 
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and/or activity of 
a proteinaceous 
flash freezing said 
lution to an 
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Hot rolled steel plate to be processed having hyper fine particles, 
method of manufacturing the same, and method of manufacturing cold 
rolled steel plate 

A hot rolled steel sheet with improved formability and producing method 
therefor, which can be easily produced with general hot strip mills, 
having less anisotropy of mechanical properties and final ferrite grain 
diameter of less than 2 .mu.m that could not be achieved by the prior 
art. The hot rolled steel sheet comprises a ferrite phase as a primary 
phase, and has an average ferrite grain diameter of less than 2 .mu.m, 
with the ferrite grains having an aspect ratio of less than 1.5. The hot 
rolled steel sheet is obtained by carried out a reduction process under 
a dynamic recrystallization conditions through reduction passes of not 
less than 5 stands in the hot finish rolling. 
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TI Frozen food product 

AB Plant anti freeze proteins can advantageously be incorporated into 

frozen confectionery products, provided they have the capability of 
limiting the growth of ice crystals 
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TI Cold tolerances in plants 

AB A plurality of polypeptides derived from intercellular spaces of plant 

cells having frost tolerance. Some of the polypeptides are ice 
nucleators for developing ice crystals in extracellular spaces of plant 
tissue, some of the polypeptides are antifreeze components which control 
ice crystal growth in extracellular spaces and some of the polypeptides 
are enzymes which adapt plant cell walls to function differently during 
formation of ice crystals in plant intercellular spaces . 
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TI Cold tolerances in plants 

AB A plurality of polypeptides derived from intercellular spaces of plant 

cells having frost tolerance. Some of the polypeptides are ice 
nucleators for developing ice crystals in extracellular spaces of plant 
tissue, some of the polypeptides are antifreeze components which control 
ice crystal growth in extracellular spaces and some of the polypeptides 
are enzymes which adapt plant cell walls to function differently during 
formation of ice crystals in plant intercellular spaces. 
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TI Transgenic plants having a nucleic acid sequence encoding a dendroides 

antifreeze protein 

AB The present invention is directed to transgenic plants having nucleic 

acid sequences encoding Dendroides canadensis thermal hysteresis 
proteins. The THPs of Dendroides have significantly greater thermal 
hysteresis activity than any other known anti- freeze protein. The 
thermal hysteresis activity of the purified THPs can be further enhanced 
by combining the THPs with various "activating" compounds. 
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TI Nucleic acid sequences encoding dendroides antifreeze proteins 

AB The present invention is directed to nucleic acid sequences encoding 

Dendroides canadensis thermal hysteresis proteins. The THPs of 
Dendroides have significantly greater thermal hysteresis activity than 
any other known anti -freeze protein. The thermal hysteresis activity of 
the purified THPs can be further enhanced by combining the THPs with 
various "activating" compounds. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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TI Process for the production of prestressed steels and its named product 

AB In a process for producing high-strength, corrosion-resistant and 

brittle fracture-resistant prestressing steels, there is a fine grain 
and/or solid solution and/or particle or precipitation hardening, linked 
with a thermodynamic treatment and subsequent strain hardening. As 
strengthening measures are used both a solid solution, fine grain and 
particle or precipitation hardening with a substantially additive 
effect. The thermomechanical treatment is performed by a controlled 
rolling of microalloyed, fine grain-melted steels, whilst excluding 
martensite formation. 
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TI Ice crystal growth suppression polypeptides and method of making 

AB Novel methods of improving freezing tolerance of organic materials 

through the use of antifreeze polypeptides is provided. These 
polypeptides increase the storage life of foodstuffs and biologies, as 
well as protect plant products, such as during growth. The antifreeze 
polypeptides, or their fusion proteins, may be produced chemically or by 
recombinant DNA techniques, and then purified for a variety of uses. 
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TI Method for producing alloyed tungsten rods 

AB In a method for producing tungsten-alloyed rods, a particular tungsten 

electrodes for tungsten inert gas welding, tungsten plasma welding, 
tungsten plasma fusion cutting and the like, in which pulverulent 
tungsten with an admixed oxide additive is compacted, sintered, 
mechanically worked and submitted to a recrystallization treatment, to 
achieve a hitherto unobtained high lanthanum integration the pulverulent 
tungsten is alloyed with a highly pure relaxed lanthanum oxide additive 
of about 1.8 to 2.2% by weight with respect to the total weight the 
compacting is carried out with a multiphase pressure buildup and the 
sintering is carried out with a multiphase temperature buildup. 
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Ice binding, recrystallization inhibition, and 

cryoprotective properties of ice-active substances associated with 
Antarctic sea ice diatoms . 

Extracellular macromolecules associated with Antarctic sea ice diatoms 
were previously shown to have ice-binding activities. The function of 
these ice-active substances (lASs) has not been identified. Here we show 
that two of the lASs have a strong ability to inhibit the 
recrystallization of ice, possibly signifying a cryoprotectant function. 
To test this possibility, two species of marine diatom (one Antarctic and 
one temperate) were subjected to a single freeze-thaw cycle (approximately 
20h at -4 or -5. degree. C) in the presence or absence of IAS. Viability, 
based on a double staining technique, was 15-2 9% higher in the presence of 
IAS. Etching of single crystal ice hemispheres grown from dilute IAS 
solutions indicated that the lASs bind to specific faces of ice and are 
incorporated into the ice lattice. Together, these results suggest that 
the lASs acts as a cryoprotectant, probably through some ice -binding 
mechanism. .COPYRGT. 2003 Elsevier Science (USA). All rights reserved. 
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TI The physico-chemical characterization of a boiling stable antifreeze 

protein from a perennial grass (Lolium perenne) . 
AB We have characterized a cold-induced, boiling stable antifreeze protein. 

This highly active ice recrystallization inhibition 

protein shows a much lower thermal hysteresis effect and displays binding 
behavior that is uncharacteristic of any AFP from fish or insects. 
Ice-binding studies show it binds to the (1010) plane of ice and FTIR 
studies reveal that it has an unusual type of highly . beta . -sheeted 
secondary structure. Ice -binding studies of both glycosylated and 
nonglycosylated expressed forms indicate that it adsorbs to ice through 
the protein backbone. These results are discussed in light of the 
currently proposed mechanisms of AFP action. .COPYRGT. 2 0 02 Elsevier 
All rights reserved. 
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TI The response of Anisakis larvae to freezing. 

AB Anisakis third stage larvae utilize a variety of fish as intermediate 

hosts. Uncooked fish are rendered safe for human consumption by freezing. 
Larvae freeze by inoculative freezing from the surrounding medium but can 
survive freezing at temperatures down to - 10. degree. C. This ability may 
be aided by the production of trehalose, which can act as a 
cryoprotectant , but does not involve recrystallization 
inhibition. Monitoring of fish freezing in commercial blast 
freezers and under conditions which simulate those of a domestic freezer, 
indicate that it can take a long time for all parts of the fish to reach a 
temperature that will kill the larvae. This, and the moderate freezing 
tolerance of larvae, emphasizes the need for fish to be frozen at a low 
enough temperature and for a sufficient time to ensure that fish are safe 
for consumption. 
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TI Semipurif ication and ice recrystallization inhibition 

activity of ice-active substances associated with antarctic photosynthet ic 
organisms . 

AB Ice-active substances (lASs) , i.e., macromolecular substances that modify 
the shape of growing ice crystals, were previously found to be associated 
with various terrestrial and aquatic photosynthetic organisms from 
Antarctica, but their chemical nature and function are unknown. In this 
study, we used the ice-binding properties of the lASs to semipurify lASs 
from a cyanobacterial mat, a eukaryotic green alga (Prasiola sp . ) , and a 
moss (Bryum sp . ) and examined the ice recrystallization 
inhibition (RI) activities of the semipure materials. The semipure 
materials contain both protein and carbohydrate in which the carbohydrate 
accounted for 73, 52, and 37%, respectively, of the total carbohydrate + 
protein. The lASs had RI activity at concentrations of 1.4, 0.05, and 0.01 
.mu.g ml(-l), respectively. RI activity was greatly reduced by heat 
treatment, suggesting that the lASs inhibit recrystallization through a 
specific interaction with ice. These results raise the possibility that 
the lASs increase freezing tolerance of their respective organisms by 
preventing the recrystallization of ice. .COPYRGT. 2001 Elsevier Science. 
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TI A theoretical model of a plant antifreeze protein from Lolium perenne . 

AB Antifreeze proteins (AFPs) , found in certain organisms enduring freezing 

environments, have the ability to inhibit damaging ice crystal growth. 

Recently, the repetitive primary sequence of the AFP of perennial 

ryegrass, Lolium perenne, was reported. This macromolecular antifreeze has 

high ice recrystallization inhibition activity but 

relatively low thermal hysteresis activity. We present here a theoretical 
three-dimensional model of this 118 -residue plant protein based on a 
.BETA. -roll domain with eight loops of 14-15 amino acids. The fold is 
supported by a conserved valine hydrophobic core and internal asparagine 
ladders at either end of the roll. Our model, which is the first proposed 
for a plant AFP, displays two putative, opposite-facing, ice-binding sites 
with surface complementarity to the prism face of ice. The juxtaposition 
of the two imperfect ice-binding surfaces suggests an explanation for the 
protein's inferior thermal hysteresis but superior ice 
recrystallization inhibition activity and activity when 



compared with 
ACCESSION NUMBER: 
TITLE : 

AUTHOR : 

CORPORATE SOURCE: 
SOURCE : 



COUNTRY : 
DOCUMENT TYPE: 
FILE SEGMENT: 
LANGUAGE : 
SUMMARY LANGUAGE: 



plant antifreeze protein from 



fish and insect AFPs . 
2001423903 EMBASE 
A theoretical model of a 
Lolium perenne . 
Kuiper M.J.; Davies P. L./ Walker V.K. 

Dr. V.K. Walker, Queen's Universuty, Department of Biology, 
Kingston, Ont . K7L 3N6, Canada. walkervk@biology . queensu. ca 
Biophysical Journal, (2001) 81/6 (3560-3565). 
Refs: 3 6 

ISSN: 0006-3495 CODEN : BIOJAU 

United States 

Journal; Article 

029 Clinical Biochemistry 

English 

English 



L7 
TI 
AB 



ANSWER 3 2 OF 4 6 EMBASE COPYRIGHT 2 0 03 ELSEVIER SCI. B.V. on STN 
Antifreeze and ice nucleator proteins in terrestrial arthropods. 
Terrestrial arthropods survive subzero temperatures by becoming either 
freeze tolerant (survive body fluid freezing) or freeze avoiding (prevent 
body fluid freezing) . Protein ice nucleators (PINs) , which limit 
supercooling and induce freezing, and antifreeze proteins (AFPs) , which 
function to prevent freezing, can have roles; in both freeze tolerance and 
avoidance. Many f reeze-tolerant insects produce hemolymph PINs, which 
induce freezing at high subzero temperatures thereby inhibiting lethal . 
intracellular freezing. Some f reeze-tolerant species have AFPs that 
function as cryoprotectants to prevent freeze damage. Although the 
mechanism of this cryoprotection is not known, it may involve 
recrystallization inhibition and perhaps stabilization ' 

of the cell membrane. Freeze -avoiding species must prevent inoculative 
freezing initiated by external ice across the cuticle and extend 
supercooling abilities. Some insects remove PINs in the winter to promote 
supercooling, whereas others have selected against surfaces with 
ice-nucleating abilities on an evolutionary time scale. However, many 
f reeze-avoiding species do have proteins with ice-nucleating activity, and 
these proteins must be masked in winter. In the beetle Dendroides 
canadensis, AFPs in the hemolymph and gut inhibit ice nucleators. Also, 
hemolymph AFPs and those associated with the layer of epidermal cells 
under the cuticle inhibit inoculative freezing. Two different insect AFPs 
have been characterized. One type from the beetles D. canadensis and 
Tenebrio molitor consists of 12- and 13-mer repeating units with disulfide 
bridges occurring at least every six residues. The spruce budworm AFP 
lacks regular repeat units . Both have much higher activities than any 
known AFPs . 
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Plant thermal hysteresis proteins. 

Proteins which produce a thermal hysteresis (i.e. lower the freezing point 



of water below the melting point) are common antifreezes in cold adapted 
poikilothermic animals, especially fishes from ice-laden seas and 
terrestrial arthropods. However, these proteins have not been previously 
identified in plants. 16 species of plants collected from northern Indiana 
in autumn and winter had low levels of thermal hysteresis activity, but 
activity was absent in summer. This suggests that thermal hysteresis 
proteins may be a fairly common winter adaptation in angiosperms . Winter 
stem fluid from the bittersweet nightshade, Solanum dulcamara L., also 
showed the recrystallization inhibition activity 

characteristic of the animal thermal hysteresis proteins (THPs) , 
suggesting a possible function for the THPs in this freeze tolerant 
species. Other potential functions are discussed. Antibodies to an insect 
THP cross reacted on immunoelectroblots with proteins in S. dulcamara stem 
fluid, indicating common epitopes in the insect and plant THPs. 
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ANSWER 34 OF 4 6 FSTA 
Anti-freeze proteins: 
2000(05) :G0206 FSTA 

Glycopeptides (anti-freeze proteins; AFP) as colloidal solutes and their 
ability to depress f.p. in polar fish tissues are discussed with reference 
to: sources of AFP; AFP from marine sources; invertebrate producing AFP 
(not glycoproteins) ; AFP from microorganisms; distribution of AFP in 
cells; properties and types of AFP (types I, II and III AFP; anti-freeze 
glycoproteins (AFGP) ) ; AFGP; type I AFP (alanine rich; approx. 85% 
. alpha . -helical structure at low temp.; mol . wt . 3.3-4.5 kDa) ; type II AFP 
(high cystein content; aromatic residues in asymetric environment; mol. 
wt . 1.4-2.4 kDa); type III AFP (no imbalance towards a particular amino 
acid; highly conserved hydrophilic residues; defined secondary and 
tertiary structures; mol. wt . 6.5-7.0 kDa); properties of AFP (direct 
interaction with ice crystals) ; recrystallization 

inhibition; thermal hysteriasis; interaction with ice nucleators; 
anti-freeze action; binding of water; adsorption; inhibition; potential 
use in frozen foods; inhibition of recrystallization; prevention of 
cellular damage; reduction of microbial growth; AFP in food; and genetic 
engineering of AFP. 

Anti-freeze proteins: 
food sector. 
Mishra, V. ; Pattnaik, 
Dairy Microbiol. Div. 
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TI Recrystallization in model ice cream solutions as affected by stabilizer 

concentration . 
AN 1998 (06) :P1069 FSTA 

AB Ice recrystallization rate in [model ice cream solutions consisting of] 

simple aqueous solutions comprising fructose and a hydrocolloid stabilizer 



were measured. The stabilizers were an enzyme -modified guar and a 
non-gelling high methoxy pectin. The stabilizer concentration dependence 
of the recrystallization rates for both materials was similar in that 
increasing the concentration resulted in decreasing rates until a point is 
reached where further addition had no additional effect. That 
recrystallization rates were reduced by both gelling and non-gelling 
stabilizers was strongly suggestive that gelation was not a requirement 
for recrystallization inhibition and another more 

specific mechanism applies, for example a weak interfacial effect such as 
adsorption or blocking. This behaviour was also seen with locust bean gum 
and guar and provided further empirical evidence to support the hypothesis 
that stabilizers adsorb to ice crystal surfaces . 

Recrystallization in model ice cream solutions as 
affected by stabilizer concentration. 
Sutton, R. L. ; Wilcox, J. 

Unilever Res., Golworth House, Sharnbrook MK44 ILQ, UK 
Journal of Food Science, (1998) 63 (1) 9-11, 13 ref . 
ISSN: 0022-1147 
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TI Genetic engineering of dairy starter cultures containing an antifreeze 

gene from Arctic fish. 
AN 1995 (11) ;P0053 FSTA 

AB An antifreeze protein gene isolated from winter flounder fish was 

introduced into several commercial dairy starter cultures and its impact 
on ice recrystallization inhibition and cell 

viability/activity during frozen storage was determined. Antifreeze 
proteins inhibited ice recrystallization in Lactococcus cremoris AM2 . 
There was no significant loss in cell viability/activity when parental 
strains were stored at - 60 . degree . C, fast and slow freezing and storage at 
-15. degree. C being the most detrimental conditions for all strains. 
Introduction of antifreeze proteins did not preserve cell 
viability/activity under these conditions (introduction of plasmids 
containing the antifreeze analogue fused to lactococcin A or 
.beta , -galactose consistently reduced cell concn. and activity) . [Further 
abstracts from this Meeting can be traced via the FSTA author index, under 
IFT Annual Meeting 1995. See FSTA (1995) 27 10A6. From En summ.] 
TITLE: Genetic engineering of dairy starter cultures 

containing an antifreeze gene from Arctic fish. 
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TI Antifreeze proteins: properties, mechanism of action, and possible 

applications . 
AN 1993 (04) :A0041 FSTA 

AB Aspects of antifreeze proteins, currently attracting the attention of food 
technologists interested in controlling the way ice crystals grow in 
frozen foods, are discussed. Antifreeze proteins not only lower the 
freezing temp., but also retard recrystallization on frozen storage. Since 
some are now synthesized chemically or by genetic engineering, they no 
longer have to be isolated from fish bloods. Headings include: Historical 
developments; Protein properties; Effects on freezing and melting 
temperatures; How ice crystal growth is effected; Evidence for adsorption 
at the ice solution interface; Possible practical applications ( 
recirystallization inhibition, protecting non-polar fish, 
agricultural crops, possible usage in foods); and Continuing studies. 
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Antifreeze proteins: properties, mechanism of action, 
and possible applications. 
Feeney, R. E.; Yin Yeh 

Dep. of Food Sci., Univ. of California, Davis, CA 
95616, USA 

Food Technology, (1993) 47 (1) 82, 84-88, 90, 67 ref . 

ISSN: 0015-6639 

Journal 

English 



L7 ANSWER 3 8 OF 4 6 FSTA COPYRIGHT 2 0 03 IFIS on STN 

TI Expression of antifreeze proteins in transgenic plants. 

AiSf 1992 (03) :B0014 FSTA 

AB The quality of frozen fruits and vegetables can be compromised by the 
damaging effects of ice crystal growth within the frozen tissue. 
Antifreeze proteins in the blood of some polar fishes have been shown to 
inhibit ice recrystallization at low concn. In order to determine whether 
expression of genes of this type confers improved freezing properties to 
plant tissue, transgenic tobacco and tomato plants were produced which 
express genes encoding antifreeze proteins. The afa3 antifreeze gene was 
expressed at high steady- state mRNA levels in leaves from transformed 
plants, but inhibition of ice recrystallization was not detected in tissue 
extracts . However, both mRNA and fusion proteins were detectable in 
transgenic tomato tissue containing a chimeric gene encoding a fusion 
protein between truncated staphylococcal protein A and antifreeze protein. 
Furthermore, ice recrystallization inhibition was 
detected in this transgenic tissue. 

TITLE: Expression of antifreeze proteins in transgenic 

plants . 

Hightower, R.; Baden, C; Penzes , E.; Lund, P. / 
Dunsmiur , P . 

Correspondence (Reprint) address, P. Dunsmuir, DNA 
Plant Technology Corp., 6701 San Pablo Ave., Oakland, 
CA 94608, USA 

Plant Molecular Biology, (1991) 17 (5) 1013-1021, 37 
ref, 
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TI Recrystallization inhibition of ice grains by using 

additives adsorbed onto ice surfaces. 
AB Addition of poly (vinyl alcohol) (PVOH) to ice slurries is expected to be 

effective in inhibiting recrystallization of ice. We evaluated the ability 
of PVOH in inhibiting recrystallization of ice by the observation of ice 
grains. The results showed that the concentration, molecular weight, and 
hydrolyzed percent of PVOH affect the recrytallization of ice. We also 
analyzed the depression of the freezing point by using the Kelvin model, 
assuming that the adsorption of PVOH molecules onto ice surfaces is based 
on hydrogen bonding. The analytical results agree with the experimental 
results qualitatively, indicating that hydrogen bonding is a main cause of 
the adsorption of PVOH molecules onto ice surfaces, (author abst.) 
1020622401 JICST-EPlus 
Recxrystallization inhibition of ice 

grains by using additives adsorbed onto ice surfaces. 
INADA TAKAAKI; NUDEJIMA SHIN'ICHI 
LU S-S 

National Inst. Advanced Industrial Sci. and Technol , , JPN 
Kyushu Univ. , JPN 

Nippon Dennetsu Shinpo j iumu Koen Ronbunshu, (2002) vol. 
39th, no. Vol.l, pp. 225-226. Journal Code: F0872C (Fig. 4, 
Tbl. 1, Ref. 6) 
Japan 
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TI Evaluation of Recrystallization Inhibition in Ice 

Slurries by Splat Cooling Method. 
AB Addition of poly {vinyl alcohol) (PVOH) to ice slurries is expected to be 

effective in inhibiting recrystallization of ice. We evaluated the ability 

of recrystallization inhibition by the splat cooling 

method, using PVOH with different concentrations and molecular weights. 
The results showed that PVOH was effective in inhibiting recrystallization 
even at a low concentration of 0,01mg/ml. Relatively small molecular 
weight decreased the ability of recrystallization inhibition, although 
molecular weight did not significantly affect the ability within the 
present experimental conditions. The recrystallization- 
inhibition ability of PVOH could be explained by the adsorption of 
PVOH molecules onto an ice surface, in the same manner as that of 
antifreeze protein, (author abst . ) 
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TI Fundamental Studies on Elementary Technology for Broad area Energy Network 
System. 10. Inhibition of recrystallization of ice in ice slurries by 
using antifreeze proteins. 

AB Thermal energy storage and transport systems using ice slurry as the 
medium recently have shown promising characteristics due to the high 
latent heat and good flow properties of ice slurry. For long-term storage 
and long-distance transport of ice slurries, however, methods for 
inhibiting ice recrystallization are necessary. Antifreeze proteins (AFPs) 
are found in fish and insects living in cold ambient conditions. It is 
well known that AFPs have the antifreeze effect, which is caused by their 
adsorption onto ice; they can depress the freezing point of blood below 
the equilibrium melting point in a noncolligative manner and can retard 
the rate of recrystallization of ice. In this study, for making ice 
slurries resistant to recrystallization, we focused on using AFP type I, 
which has the simplest conformation among various AFPs . We analyzed the 
surface morphology of ice containing AFP molecules by scanning tunneling 
microscopy to investigate the mechanism of recrystallization 
inhibition. Furthermore, we examined silane coupling agent and 
poly (vinyl alcohol) as new additives effective for inhibiting 
recrystallization in ice slurries, because AFPs are relatively expensive 
and are easily degraded by bacteria. Our findings are summarized as 
follows. (1) AFP type I can be used as an effective additive for 
inhibiting recrystallization in ice slurries even at low concentrations 
less than lwt%. (2) The STM images of ice surfaces containing AFP showed 
that the specific adsorption plane and direction of AFP molecules are 
{2021} and, <0112> respectively. This indicates that hydrogen bonding 
plays an important role in the adsorption (3) The STM images of ice 
containing PVOH molecules showed that PVOH significantly influences the 
surface morphology of ice and that PVOH molecules have an antifreeze 



effect at the 
ACCESSION NUMBER: 
TITLE : 



AUTHOR : 

CORPORATE SOURCE: 
SOURCE : 



PUB. COUNTRY: 
DOCUMENT TYPE: 
LANGUAGE: 
STATUS : 
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TI Microscale Analysis of Ice Crystal Surface Adsorbing Polyvinyl Alcohol. 
AB In order to develop energy efficient and reliable ice slurry systems, it 
would be important to control the creation methods for ice crystals, 
resistant to recrystallization. In this study scanning tunneling 
microscopy (STM) had been used to investigate the ice crystal surface 
adsorbing polyvinyl alcohol (PVA) , which showed to be a potential substance 
as an additive in the ice slurry system and has strong effects on 
recrystallization inhibition. The information about the 
surface curvature contributes to the understanding of the adsorption 
process to ice, (author abst.) 
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Microscale Analysis of Ice Crystal Surface Adsorbing 
Polyvinyl Alcohol. 
LU S"S 

INADA TAKAAKI; YABE AKIRA 
ZHANG X 

South China Univ. Tech., Guangzhou, Chn 
Mech. Eng. Lab., Agency of Ind. Sci. and Technol. 
Nedo 

Nippon Dennetsu Shinpo j iumu Koen Ronbunshu, (2000) vol. 
37th, no. Vol.3, pp. 985-986. Journal Code: F0872C (Fig. 4, 
Ref. 7) 
Japan 

Conference; Short Communication 
Japanese 
New 



ACCESSION NUMBER: 
TITLE: 

AUTHOR : 



CORPORATE SOURCE: 



SOURCE : 



PUB. COUNTRY: 
DOCUMENT TYPE: 
LANGUAGE : 
STATUS : 



L7 ANSWER 43 OF 46 JICST-EPlus COPYRIGHT 2003 JST on STN 
TI Estimation of Antifreeze Effect by Splat Cooling Method. 
AB In this study, splat cooling technique has been used to determine the 
different recrystallization inhibition abilities of 

pure water. Antifreeze Protein (AFP) , Polyvinyl Alcohol (PVA) with various 
molecular weights and Tween surfactants as the antifreeze solutions. It 
has been confirmed again that AFPs have the strongest antifreeze effect. 
The pictures taken by an optical microscope camera showed that PVA and 
Tween- 85 also have strong antifreeze effects and may be the potential 
substances as additives in the ice slurry system, (author abst.) 
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TI Effect of B on r-value and Recrystallization Behavior of Ti added 
Ultra-low Carbon Cold-rolled Steel Sheets. 

AB It is said that keeping the r-value high is difficult for boron-added IF 
steel plate. The effect of boron addition on each process of 
recrystallization and the mechanisin of recrystallization 
inhibition by boron addition were investigated . Steel samples with 
different boron contents (0-0 . 0024wt%) were prepared by melting and 
forging. In addition, the coiling simulation was carried out after 
hot -rolling. The hot rolled plate was then cold-rolled (80%) and 
annealed. The isothermal annealing and tensile test were applied. The 
recrystallization behavior was investigated by measuring the hardness and 
observing the microstructure , The addition of boron brings about 1) 
suppression of restoration, nucleation, and crystal growth of 
recrystallization, 2) elevation of recrystallization temperature, and 3) 
lowering of r-value . Boron segregates at the grain boundary to suppress the 
nucleation of recrystallization.lt is thought that boron added more than 
5ppm makes the solid solution with grain to suppress the restoration 
through the B-Ti interstitial -substitutional atom bonding. 
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TI New cDNA polynucleotide encoding a thermal hysteresis protein which is a 
Type III anti-freeze protein derived from the Tenebrionoidea Superfamily, 
useful for providing antifreeze protection to improve the quality of food, 

AN 2002-090137 [12] WPIDS 

AB WO 200194378 A UPAB : 20020221 

NOVELTY ~ A cDNA polynucleotide (I) comprising a nucleotide sequence for 
encoding a thermal hysteresis protein which is a Type III anti-freeze 
protein derived from the Tenebrionoidea Superfamily, is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for the 
following : 

(1) a mRNA polynucleotide (II) comprising a nucleotide sequence for 
encoding thermal hysteresis proteins derived from the Tenebrionoidea 
Superfamily transcribed from (I) / 

(2) a DNA or RNA probe having a sequence complementary or identical 
to a sequence of contiguous nucleotides for at least a portion of (I) ; 

(3) a recombinant vector containing (I) ; 

(4) a thermal hysteresis protein, preferably an endogenous Type III 
anti-freeze proteins, derived from the Tenebrionoidea Superfamily which 
lowers the freezing point of a solution without effecting the melting 
point of the solution; 

(5) a consensus sequence with a nucleotide sequence selected from one 



of the four 481 nucleotide sequences (S1-S4) defined in the specification; 

(6) a consensus sequence with an amino acid sequence selected from 
the 133 (35), 134 (S6) , another 134 (S7) , another 134 (S8) amino acid 
sequence defined in the specification; 

(7) a consensus sequence with the 133 amino acid sequence (S9) 
defined in the specification; 

(8) a primer having a nucleotide sequence selected from P1-P3; 

(9) a method (Ml) for producing a polypeptide having antifreeze 
properties comprising forming a cloning vector with a Tm 12.86 family 
member gene encoding an antifreeze polypeptide, transferring genes of the 
cloning vector into DNA of host cell to create a transformed cell, 
expressing a mRNA sequence and a translated amino acid sequence from the 
recombinant expression vector, the sequence being isoforms of the Tm 12.86 
T. molitor antifreeze polypeptide; 

(10) a method (M2) for providing antifreeze or 
recrystallization inhibition properties to a subject 

formulation comprising incorporating at least 0.1 micrograms to 1 mg of an 

activated polypeptide into 1 ml of a subject formulation to obtain 

recrystallization inhibition or 1 mg to 25 mg of the 

activated polypeptide into 1 ml of a subject formulation to thermal 

hysteresis; 

(11) a Tm 12.8 6 antibody/antiserum; 

(12) a recrystallization inhibition method (M3) 

for determining the presence, relative concentration, and/or activity of 
thermal hysteresis proteins comprising providing a proteinaceous 
composition in a solvent to form a test solution, flash freezing the 
solution, raising the temperature of the frozen solution to an appropriate 
annealing temperature that allows for a partial melt, while limiting 
heterogeneity in ice grain sizes within the solution, maintaining the 
frozen solution at the annealing temperature for a length of time 
sufficient to allow for recrystallization, monitoring the ice crystal 
grain size changes over time, and determining the presence of functional 
thermal hysteresis proteins in the solution given the retention of 
significantly smaller ice crystal grain sizes relative to at least one 
control solution; 

(13) a method for quantitatively assessing the extent of 
recrystallization occurring in frozen foods, and the impact of solution 
additives to inhibit or limit recrystallization according to the process 
defined in M3 ; and 

(14) a method for quantitatively assessing and comparing the 
effectiveness of cryoprotective solutions on the extent of 

recrystallization occurring in cryopreserved cells, tissues, solutions and 
the like, according to the process defined in M3 . 

CGCGGATCCCTCACCGACGAACAG (PI) ; 

GAGAGGATAACTAATTGAGCTCGCC (P2) ; and 

CGCGGATCCCTGACCGAGGCACAA (P3) . 

USE - The activated anti -freeze protein is incorporated into: 

(a) plant, produce or fish in an amount sufficient to provide 
antifreeze protection; 

(b) a region of a target tissue in an amount sufficient to provide 
antifreeze protein controlled limited tumor cell or target tissue 
cryoinjury during cryosurgery; 

(c) hypothermic solutions or bathing media to reduce cold damage in 
order to provide cryogenic or hypothermic preservation of cells and 
tissues by incorporating the protein into the cells, tissue, or cell 
membranes in a controlled amount sufficient to provide antifreeze 
protection; 

(d) de-icing formulations or used on surfaces to reduce existing ice 
buildup or abate the formation of ice buildup on surfaces such as a road, 
aircraft, household products, cosmetic products, machinery and plant 
surfaces; or 

(e) a food product in an amount sufficient to provide antifreeze 
protection to improve the quality of food by abating freezing of 
solutions, freezer burn, or degradation due to cold storage. 



The polynucleotides for the activated protein are used to create 
transgenic or gene -modified plants, crops, fish, or animals having greater 
tolerance to cold climatization . The Tm 12.86 antibody/ antiserum is used 
as a screening device to identify positive recombinant plaques containing 
cloned inserts capable in an expression vector system to produce 
recombinant products recognized by the antibody/ antiserum. The Tm 12.86 
antibody/antiserum which is also used as a screening device to screen cDNA 
libraries in an expression system, including cross-species cDNA libraries 
to identify homologous sequences in other species. 

M3 is used for concurrent multiple sample testing of solutions which 
includes the 'sandwich' method; and application via a 96 well plate device 
(all claimed) . 
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TI New plant anti-freeze protein useful in frozen food products. 

AN 1999-458697 [38] WPIDS 

AB WO 9937782 A UPAB : 19990922 



NOVELTY - A plant anti-freeze protein characterized in that at least 40% 
of its amino acids are from the group of serine, threonine and asparagine, 
is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 
following : 

(1) a nucleic acid sequence capable of encoding the anti-freeze 
protein as above ; 

(2) a frozen food product comprising the anti-freeze protein; 

(3) a method of obtaining an anti-freeze protein as above, where the 
protein is produced by a genetically modified organism; and 

(4) a plant, capable of expressing the anti-freeze protein and having 
an increased frost tolerance. 

ACTIVITY - None Given. 

MECHANISM OF ACTION - None Given. 

USE - The anti-freeze protein can be used in frozen food products, 
especially frozen confectionery (claimed) . Anti-freeze proteins are 
especially used in food products, which are heated, e.g. by 
pasteurization, blanching or sterilization prior to freezing. Plants 
transformed with a nucleic acid sequence encoding the anti-freeze protein 
have an increased frost tolerance (claimed). 

ADVANTAGE - Prior art anti-freeze proteins have not been applied to 
commercially available food products, due to high costs and complicated 
process for obtaining the protein. Also prior art anti-freeze proteins 
have tended to destabilize during processing especially during the 
pasteurization step. This is overcome by the present anti-freeze protein. 
The anti-freeze proteins provide an ice particle size following an ice 
recrystallization inhibition assciy of 15 mu M or less. 

The anti-freeze protein ingredient means that mixes can be frozen under 
quiescent conditions, e.g. in a shop or home freezer without the formation 
of unacceptable ice crystal shapes and hence with a texture different to 
products normally obtained via quiescent freezing. 
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